Contact-type ultrasonic test is commonly used in construction industry where gel-couplant is applied to the material being tested and the transducers to assure that wave propagation will travel through without any air gaps. However, this method has disadvantages, since surface preparation is considered prior to testing. Another method of testing without the worry of air gaps that causes scattering of waves before it reaches the medium is the use of the noncontact ultrasonic test. In particular, the aircoupled ultrasonic test is done in this paper for reinforced concrete beams. Sixteen plain concrete cube specimens under the compression test and six reinforced concrete beam specimens under the four-point bending test are made with water-cement ratio of 40% and 60%. e plain concrete cubes are investigated to establish the relationship of the contact ultrasonic test and load. Added parameters are considered to investigate the sensitivity of the contact and noncontact ultrasonic test in reinforced concrete beams. ese are ultrasonic wave path and the neutral axis index. It shows that the higher water-cement ratio produces good sensitivity in the noncontact ultrasonic test, since it produces more cracks on the tension face. Lower water-cement ratio gives good sensitivity with load for the contact ultrasonic test, since it has its ultrasonic wave path passing through the concrete experiencing compression. In addition, the neutral axis index for a member subjected to bending is an important factor in assessing the sensitivity of both contact and noncontact ultrasonic test.
Introduction
Structures need to be assessed using structural health monitoring techniques especially for the predominant materials like reinforced concrete. Concrete comprises water, cement, sand, and aggregates with some admixtures that bond together to form a porous material. is heterogeneous material is very complex due to its nonlinear characteristics. Concrete proves to be a challenge in the field of nondestructive methods compared to metal.
One effective way of testing materials is the use of the ultrasonic test. Combination of the ultrasonic test using ultrasonic pulse velocity (UPV) and rebound hammer is introduced to test on site strength of concrete [1] . Test combinations with UPV to improve the prediction of strength of concrete are still limited due to its insensitivity to the changes in load [2] . e conventional ultrasonic test uses transducers with gel-couplant applied on the material to assure that the ultrasonic wave in contact with the material being tested will have no air gaps. Presence of air gaps in the contact-type ultrasonic test is a disadvantage, since it can scatter the wave propagation that can arrive at low-sensitivity measurements. In actual field inspection, the contact ultrasonic test with gel-couplant is troublesome due to the accessibility of inspector to the concrete surface being investigated.
Another way of testing concrete without considering the air gaps is the use of the noncontact ultrasonic test. In particular, the air-coupled ultrasonic test is a good example to eliminate the use of gel-couplant which is a significant factor in data collection and analysis. Air-coupled sensors were developed in the 1970s and were mainly used for inspection of wood and quality control of paper, art objects, and advanced composite materials used in the aerospace industry [3] . Quality tests in paper focused on sound dispersion and attenuation and estimation of its surface roughness can be monitored [4, 5] . In construction building materials, this method is now being developed for noncontact detection of surface waves in concrete [3] . Additionally, the impact response test in the composite material using the C-scan technique is also being developed in diagnosing concrete [6] [7] [8] . Various studies including wooden panel painting investigation and refraction including damping of timber laminates are also done in previous researches [9, 10] .
Air-coupled ultrasonic test is gaining popularity and advancement. Waves in metals and composite materials have been successfully detected through the application of sensors having frequency of 50 kHz to 1 MHz. In testing concrete, a flat frequency response below 100 kHz is ideal. Low-frequency range sensors detect leaky waves in concrete. It is also proven that the use of air-coupled sensors is not sensitive to surface conditions in concrete and is sensitive to the existence of cracks as waves propagate across it [3] . It can also assess material nonlinearity [11] including carbonation inside concrete materials [12] . As the noncontact test method enables fast scanning of large structures, the amplitude information that is obtained is dependable and consistent when it is transmitted to the solid material [13] .
e received time-domain waveform is the common data retrieved in this test. e parameters that are measured in time-domain waveform are time of arrival and peak to peak amplitude. Time of arrival of an ultrasonic wave passing through a dense medium should be smaller than the porous or damaged material. Peak to peak amplitude is sensitive to scattering of ultrasonic waves passing through the medium. In addition, received time-domain waveform is converted to frequency-domain waveform using fast Fourier transform.
e parameters under frequency-domain waveform consist of fundamental amplitude and higher harmonic amplitudes. Previous research show that plain concrete cubes with different load-loading patterns greatly influences the higher harmonics parameters [14] . Complexity in the damage level for concrete is recognized when different sizes of aggregates inside concrete are present [15] . From references, the UPV test is convenient in detecting flaws like corrosion inside concrete [16] , but it is insensitive to the internal damage. In addition, for plain concrete cubes, the correlation of ultrasonic parameters to internal damage represented by changes in load was done using artificial neural network model, and it indicated that UPV has very weak correlation compared to peak to peak amplitude of the time-domain waveform [17] . Investigation of reinforced concrete beams was considered using the artificial neural network model. e results showed that the contact-type ultrasonic test using peak to peak amplitude as a parameter to detect damage was classified as long-and short-range sensitivity for WC40 and WC60, respectively. Long-and short-range sensitivity from the model developed can detect damage more than 20% and less than 20%, respectively [18] .
In this paper, peak to peak amplitude of time-domain waveform is used as a parameter to measure the damage.
Decrease in peak to peak amplitude is evident when there is a scattering of the ultrasonic wave upon loading. e experimental test involved two test methods for both watercement ratio (WC) 60 and 40. ese are the compression test of sixteen cube specimens of size 150 mm on each side and six concrete beams under the four-point bending test. e compression test is established to show the sensitivity of the peak to peak amplitude using the contact ultrasonic test, while the four-point bending test is performed to show the relationship of the reinforced concrete beam's load, neutral axis index, and the peak to peak amplitude for both the contact and noncontact ultrasonic test.
Plain Concrete Cubes under Compression
Sixteen concrete cubes were casted having size of 150 mm × 150 mm × 150 mm. Varying water-cement ratios of WC40 and WC60 were used to investigate the effect of the test with different water-cement ratios. e maximum size of aggregates used was 20 mm, and the ratio of sand-total aggregate was 45%. Table 1 shows the content of the ingredients. A universal testing machine was used, and each specimen was subjected to the compression test at their mature age of 28 days.
e compressive strength of WC40 and WC60 was tested prior to the experiment and resulted to characteristic strength of 53 MPa and 40 MPa, respectively. e rate of loading/unloading was 0.5 kN per second with the load pattern ( Figure 1 ). Four loading branches were considered having a percent load of 0% to 20%, 0% to 40%, 0% to 60%, and 0% to 100%, respectively.
Specimens were tested by uniaxial compressive load (Figure 2(a) ). Pitch-catch ultrasonic test was used to record the time-domain waveforms in each loading or unloading step. A high-gain broadband receiver and two transducers connected to the oscilloscope with tone-burst pulser were used in the setup. e supplied voltage was set at 1800 volts with the sine wave having 10 cycles at 100 kHz. In addition, the low-pass filter was set at 3 MHz, and the high-pass filter was set at 50 kHz with an input impedance of 50 Ω. Direct transmission was implemented in the wave path of the ultrasonic wave from the transmitting to the receiving transducers ( Figure 2(b) ).
is wave path was passing through the concrete experiencing compression. e transmitting and receiving transducers were carefully aligned, centered, and bonded to the concrete cubes with gelcouplants. e transmitting transducer had its generating frequency at 100 kHz that sent signal across the specimen.
e receiving transducer, on the contrary, had 200 kHz frequency and was placed on the opposite face. is frequency of transducers proved to be effective in measuring internal damage inside the concrete material [14, 15] .
Time-domain waveforms were recorded for the first loading branch of 0%, 20%, 40%, 60%, and 80% ( Figure 3 ). It was observed that the peak to peak amplitude decreases with respect to increasing load. A damage level assessment is used in this paper by solving its normalized peak to peak amplitude in decibels as seen in Equation (1). It followed the concepts in electrical circuits which dissipated power from one state to the other. is parameter is used to measure 2 Advances in Civil Engineering damage presented when amplitudes decrease with respect to load [14, 15] :
where A1 is the peak to peak amplitude at any load (volts) and A0 is the maximum peak to peak amplitude throughout the test (volts). e average normalized peak to peak amplitude of WC 40 and 60 is calculated ( Figure 4 ). e damage level is inversely proportional to the load for both WCs. High WC produces larger magnitude of normalized peak to peak amplitude due to the air voids in the material that led to wide scattering of the ultrasonic wave when it passes the medium. e damage level for each loading branch L1 to L4 is recorded and compared ( Figure 5 ). e magnitude of the damage is proportional to the load increase in the concrete cubes. e results gave good agreement for plain concrete when subjected to the ultrasonic test using peak to peak amplitude as a parameter to measure the load it experiences under direct transmission with the medium under compression.
Reinforced Concrete Beams under the Four-Point Bending Test
ere were six 100 mm × 100 mm × 400 mm singlereinforced concrete beams specimen with WC of 60 and 40. e reinforcing bar used was 9 mm in diameter with a yield strength of 400 MPa and was placed at the bottom of the beam with a concrete cover of 10 mm ( Figure 6 ). e concrete design mix was the same as the plain concrete cubes in the previous section. A notch of 3 mm was made at the midspan of the bottom beam. is was to make sure that the crack formation monitored by the air-coupled ultrasonic test was locally focused at the concrete surface in tension. e use of 9 mm reinforcing steel bar parallel to the position of the transducers were assumed to be negligible. In the UPV test, with good quality concrete, the presence of the 12 mm diameter bar is insignificant [19] .
Four-point bending test was done together with the aircoupled ultrasonic test.
e air-coupled ultrasonic transducers (the transmitter and receiver) were oriented 8 degrees from the vertical axis and were focused on the midspan tension side where the bending/tension cracks occurred. e air-coupled ultrasonic test was focused on the inverted setup using the Japan Probe JPR-660C with the 200 kHz aircoupled transmitter and receiver. Maximum voltage was set at 600 V with the burst wave of 10 waves.
It was made having an inverted layout ( Figure 7 ) to properly place the air-coupled transducers upright along the midspan of the beam where tension crack occurred. Location of the strain gauges was placed at midspan and longitudinally along the beam positioned at the top and the bottom faces of the beam. e collection and analysis of data after the test was shifted to the upright position where the presence of moment in the beam was in the positive direction.
Loading and unloading paths were made to relate the behavior of the contact and noncontact ultrasonic test results' peak to peak amplitude with the load and the changes in its neutral axis index (Figure 8 ). ere were 5 cycles of repeated load for 20%, 40%, and 60%, followed lastly by the final load until failure.
e air-coupled ultrasonic transducers (the transmitter and receiver) were oriented 8 degrees from the vertical axis and were focused on the midspan tension side where the bending/tension cracks occurred ( Figure 9 ). e air-coupled ultrasonic test was focused on the inverted setup, while the gel-coupled ultrasonic tested was oriented longitudinally under direct transmission ( Figure 10 ). e average normalized peak to peak amplitude of the three beams with WC60 is calculated using Equation (1) (Figures 11 and 12 ). For the noncontact ultrasonic test, the initial from step load 1 and 2 behaved inconsistent due to the initial state of the concrete before it stabilizes opening and closing of cracks according to the load applied. It can be noticed that the normalized peak to peak amplitude is sensitive to load especially from the step loads 31 to the end where it experiences loading and unloading from 0 to 60% of load. Incremental damage is seen to be consistent in each cycle of loading and unloading.
For the contact ultrasonic test with direct transmission along its length, the deviation of the normalized peak to peak showed sensitivity for load less than 40%. However, it can be noticed that the measurement was not responsive to load since there were many cracks that caused a lot of scattering Step load
Loading branches 4th 3rd 1st 2nd inside the concrete after step load 13 (40% or more loads). Not responsive to load means that there was no significant resistance experienced in concrete or the fluctuations had no significant changes which is less than 1.5 dB from the undamaged state. e behavior of damage for the contact and noncontact ultrasonic test is seen in Figure 12 . e contact ultrasonic 
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Oil hydraulic pump test behaved consistent with Section 2 for plain concrete cubes, whereas the normalized peak to peak amplitude decreases as load increases. On the other hand, the noncontact ultrasonic test was not responsive to load since there were many cracks that caused a lot of scattering inside the concrete after step load 13 (40% or more loads). e complexity of the results (Figures 11 and 12 ) is brought about factors different from the plain concrete cube compression test results in the previous section. In the uniaxial compression test of concrete specimens, experimental results from literature showed that the ultrasonic pulse wave varied with the direction of compressive load. It was found out that UPV increases when there is an increase in compressive load for transducers placed parallel to the compressive load due to the acoustoelastic effect. Reduction of UPV occurred when the load is perpendicular to the transducers' placement [20] . Using the noncontact ultrasonic test, an increase in Rayleigh phase velocity was observed for concrete and mortar surfaces with the reduction of microcracks [21] . ere are limited studies in the application of the ultrasonic test in reinforced beams whether it may focus on time-domain or frequency-domain waveforms. e flexural behavior of concrete is complex, since it comprises tension and compression zones with varying neutral axis index locations. In previous work, concrete slabs were tested using the four-point bending test. It was found out that the amplitude of the ultrasonic wave decreases in tension face and increases in compression face [22] . In addition, the UPV values increased when the bending load in the prestressed beam increases [23] . In the plain concrete cube, the contact ultrasonic test is done with the whole specimen experiencing compression, while the reinforced concrete beam experiences both compression resisted by concrete and tension resisted by the reinforcing bar. With this, another parameter is introduced, the neutral axis index. is parameter is promising in structural health monitoring where it is considered to be a sensitive universal parameter [24] . In determining the neutral axis index location with respect to changes in load in this paper, the recorded tensile and compressive strain is considered at the midspan of the beam. Diagram showing the cross section, sample strain diagram at a particular step load, and its corresponding stress diagram are considered ( Figure 13) .
is location of the neutral axis index is dynamic due to the changes in load that influences the strain at the top and bottom of the beam during the step loads in the experiment. e dynamic neutral axis index is computed using Equation (2) . is location of the neutral axis index "y" is correlated with the theory on the elastic design of reinforced concrete. In this study, the actual neutral axis index in the experimentation was very difficult to measure; hence, it was called the "neutral axis index" with the same formula shown in Equation (2):
where y is the neutral axis index in mm, h is the height of the beam in mm, ε c is the average strain at the midpoint top surface in compression, and ε t is the average strain at midpoint bottom surface in tension. Advances in Civil Engineeringe recorded strain data was smoothened and processed to determine the minimum and maximum peaks corresponding to each step load. Figure 14 shows the strain data of specimens 1, 2, and 3 with WC60. Specimens 1 and 2 were consistent with close standard deviation, while specimen 3 had minimal changes in its strain gauges at the latter loading branches. is was due to the limitation of using one strain gauge at the middle for each of the surfaces at the top and bottom where crack formation led to different patterns from one specimen to another. Furthermore, average of strain data was made to investigate the difference between WC40 and WC60, as seen in Figure 15 .
e average strain in tension and compression of WC60 was greater than that of WC40. e average tensile strain of WC40 produced relatively low values. is low value of average tensile strain at the beginning had experienced abrupt increase after it reached 60% of load where sudden crack formation was noticed visually during the test.
ere were two theories to verify the behavior of the neutral axis index against the load: (1) the neutral axis index when the tension side of the concrete starts to crack, computed y � 49 mm; (2) the neutral axis index when the Peak to peak amplitude (dB) Percent load
Step load Load (%) WC60 noncontact (dB) WC60 contact (dB) Figure 11 : Average total damage represented by normalized peak to peak amplitude for WC60. Peak to peak amplitude (dB) Percent load
Step load Load (%) WC40 noncontact (dB) WC40 contact (dB) Figure 12 : Average total damage represented by normalized peak to peak amplitude for WC40. concrete below is redundant, and only the reinforcing bar resists the moment in tension, computed y � 23 mm (Figure 16(a) ). In a reference, it was assumed that the P wave or ultrasonic wave was perpendicular from the transducer's surface [25] . One factor that also affects the wave propagation is the orientation of fibers. is is important in determining the wave propagation in terms of wavefronts and ray path. It was found out that, for isotropic materials, the ray paths are collinear from the transmitter to the receiver with wavefronts perpendicular from the ray paths. Different behaviors occurred in the orthotropic material where acoustic wave propagation follows a curved ray path [26] . In this paper, the wave path was assumed to be the wave propagation from the transmitter to the receiver of ray paths and wavefronts that are inside the volume generated by the area of contact of the transducers from the transmission to the receiver. Any reflection and refraction outside the cylindrical volume was assumed to have a negligible effect on the data collection and analysis.
e wave path for the WC60 beam of the contact ultrasonic test was shown as the circular region covered by the wave path when the neutral axis index was 23 mm (Figure 16(b) ). It can be noted that, during the L1 loading/unloading branches, the wave path passed through the compressive zone, and hence, sensitivity on the normalized peak to peak amplitude was experienced. However, in the L2 loading/unloading branch, normalized peak to peak amplitude was not sensitive due to lower concrete quality, where presence of more air voids was experienced after step load 13 (40% or more load). Lastly, during the L3 loading/unloading branches, normalized peak to peak amplitude was not sensitive due to low concrete quality and that the ultrasonic wave path did not pass through the compression zone. Further investigation is recommended 5  7  9  11  13  15  17  19  21  23  25  27  29  31  33  35  37 Step load   39  41  43  45  47  49  51  53  55  57  59  61  63  65  67  69 8 Advances in Civil Engineering using finite-element models to explore the interaction of ultrasonic waves inside low quality concrete with varying neutral axis locations. On the other hand, when the concrete below the neutral axis index provided significant cracks, the air-coupled ultrasonic test proved to be sensitive due to the opening and closing of cracks with the reinforcing bar holding the beam in place. e neutral axis index when the tension side of the concrete starts to crack is computed having y � 49 mm, while the neutral axis index when the concrete below is redundant and only the reinforcing bar resists the moment in tension is 38 mm (Figure 17(a) ).
e wave path intersects the compression zone experienced by the concrete that leads to better sensitivity of the contact ultrasonic test (Figure 17(b) ).
e average total damage represented by the normalized peak to peak amplitude for high WC60 under the noncontact ultrasonic test and low WC40 under the contact ultrasonic test gave good agreement with the changes in load (Figure 18 ). Concrete with WC60 and WC40 under the contact and noncontact ultrasonic test, respectively, was not responsive. e actual crack formation on the tension side after the test was recorded (Figures 19(a) and 19(b) ).
Conclusions
is paper focused on two types of specimens and testing under the nondestructive test.
e plain concrete cubes tested with the contact ultrasonic test with varying WC of 40 and 60 under compression load showed that normalized peak to peak amplitude gave good agreement and was sensitive with the load. Higher water-cement ratio gave a larger value of normalized peak to peak amplitude. is was caused by the scattering of the ultrasonic wave inside the concrete, since it contained more air voids than lower watercement ratio. e second type of the specimen and test using reinforced concrete beams under the four-point bending test with varying WC of 40 and 60 proved to be complex. Added parameters were considered to investigate the sensitivity of the contact and noncontact ultrasonic test. ese were ultrasonic wave path and the neutral axis index. It showed that the higher water-cement ratio produced good sensitivity in the noncontact ultrasonic test, since it formed more cracks. Lower water-cement ratio gave good sensitivity with load for the contact ultrasonic test, since it had its ultrasonic wave path passing the concrete experiencing compression. In addition, the neutral axis index for a member subjected to bending is an important factor in assessing the sensitivity of both contact and noncontact ultrasonic test. In future studies, nonlinear ultrasonic test using frequency spectrum and nonlinear finite-element model can be developed to show how the stress distribution with a varying neutral axis index is experienced. Variation of the formation of new cracks as well as closing and propagating of preexisting cracks can also be explored.
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